Purpose Recent work practices in conservation and restoration involve the use of Cyclododecane (CDD, to protect fragile artifacts during their handling or transportation. Little is known about its toxicity and no previous exposure has been reported. A short field investigation was conducted to characterize exposure conditions to both CDD vapors and aerosols. 
Introduction
Cyclododecane (CDD), an alicyclic saturated hydrocarbon (C 12 H 24, CAS 294-62-2), highly hydrophobic, and chemically stable, sublimes slowly at room temperature (vapor pressure: 0.07 hPa at 20°C).
CDD is primarily used, since 1995, as an intermediate in industry (production of polymers, perfumes or cleaning agents). Interestingly, CDD has also been found to be an useful agent in conservation and restoration of art objects as wall paintings, easel paintings, paper and textile. It also quickly finds its way into in the field of archaeology as an adhering support material for fragile in situ artifacts (Rowe and Rozeik, 2008) . One of its key advantages is that it evaporates by itself over a period of weeks or months, leaving no residue and without the need of any further intervention. CDD is applied on fragile in situ artifacts, providing temporary consolidation, sealing or support during their handling, or transportation. Preparation consists of heating crystalline cyclododecane to above 60°C in a bowl until melted and then applying it using brushes, impregnated cotton gazes, or other tools to encase an archaeological object. For larger and more complex archeological finds a spray technique has been developed that allows an even and rapid application.
Because CDD was considered as an intermediate, little attention has been given to its toxicity. No long-term toxicological data is available and short-term toxicological studies are scarce. Some ecotoxicological data exist, although QSAR model and experimental data are contradictory (ECHA, 2008 ). An oral LD 50 in mouse of > 10,000 mg/kg of bodyweight, suggesting low toxicity, has been reported in the only mammal study published by Irie et al. (1973) .
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A NOAEL value of 250 mg/kg of bodyweight, based on a repeated dose toxicity study carried out on rats, is mentioned in the European Commission's IUCLID dataset (ECHA 2010 
Methods
Measurements were performed at the laboratory of conservation and restoration of the archeological service in Bern. The work stations were equipped with either ventilated hoods or local exhaust ventilation. Filtering facepiece respirators were made available for both field and laboratory work. The annual consumption of CDD at the laboratory is estimated to maximum 20 kg and the frequency of use is not more than once per month.
Two typical CDD application methods were investigated: a spray application (heated spray gun) and a brush application. In the latter the CDD was continually maintained at 60°C using a hotplate. Both applications were performed by an experienced operator in three indoor and four outdoor scenarios considered relevant to archeological CDD exposures. Indoor measurements were performed on charcoal adsorbent tubes (SKC anasorb CSC226-01) using pocket pumps (1 l/min, Escort Elf Pump, MSA, Pittsburgh, Pennsylvania) for durations ranging from 34 to 49 min.
Outdoor measurements, which were mostly involving spray gun application and thus aerosol emission, were performed similarly to some liquid aerosol techniques (Khanh et al. 2009 ).
Sampling was conducted in series, using an open-faced glass fiber filter 37mm) combined with a charcoal adsorbent tube (SKC anasorb CSC226-01, 1 l/min). Samples were taken in relation to the nose of the operator (individual sampling). Outdoor measurement duration ranged between 13 to 27 min, corresponding to the treatment of small artifacts. The measurement period includes CDD applications (of typically 5 min.) itself as well as re-heating and refilling operations.
Direct-reading measurements were performed concomitantly to air sampling. Vapors were measured using a photo-ionization detector (Toxi Rae®, Rae Systems Inc., Sunnyvale, California, 8 USA) located near the nose of the operator. The photoionisation detector was calibrated with CDD prior to the measurements.
Outdoor measurements were performed while using CDD in (1) Both charcoal tubes and filter cassettes are closed immediately after field sampling and brought back to the laboratory (in a CDD free environment). The filter cassette is then connected to a new charcoal tube (SKC anasorb CSC226-01, 1 l/min) and air is pumped through the tube during several hours (while the CDD sublimates). The same desorption and analysis procedure is used for charcoal tubes corresponding to aerosol and vapor fraction. After separation, the front and backup of the charcoal tubes were desorbed using 2 ml of dichloromethane (in ultrasonic bath for 15 minutes). In order to increase recovery, desorption of the front part was carried out a second time, obtaining a final recovery of 80.4 % (LD : 0.4 µg/tube).
Samples were analyzed by a gas chromatograph equipped with a flame ionization detector (Varian 3800). The separation was performed on a capillary column (95% dimethylpolysiloxane polymer, 5% phenyl groups; 60 m x 0.25 mm i.d., 0.25 µm film thickness) using nitrogen as a carrier gas (flow rate 1.5 ml/min). The oven temperature was initially held at 100°C during 4
Results and discussion
CDD concentrations during typical activities are presented in Table 1 . The lowest CDD exposures (0.75-0.85 mg/m 3 in average) were observed when using a ventilated hood indoor, either during brush or spray gun application. CDD concentrations during brushing without local ventilation (ventilation hood off) were found to be an order of magnitude higher. Surprisingly, outdoor exposure levels were even higher, ranging between 19.5 and 53.9 mg/m 3 in average, despite the natural ventilation. These results suggest that exposure to CDD is extremely localized, and achieving exposure control with collective ventilation is unlikely. This may be explained by the physico-chemical properties and the application methods of CDD. When using a spray gun, the pressure drop at the spray nozzle and the contact with the ambient air provoke a rapid condensation into solid phase, generating large amounts of aerosols. To limit this unwanted condensation effect, the operator must maintain a distance of about 5 cm between the spray nozzle and the artifact bringing the operator to immediate vicinity of the CDD source (Figure 1 ). This is also true during the brush-on application at ground level, where the operator is bent over the artifact. 
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It should be noted that, although conservative, the "open-ditch" scenario illustrated in Figure 2 leading to the highest exposure levels was not extreme. In practice, exposures may occasionally occur in more enclosed spaces. Being dependant on the specificity of a given archeological site, field application in confined spaces may occur such as in crypts or caves. Moreover, to protect workers from the weather, tents are occasionally put up over the ditches.
CDD sublimes slowly at room temperature, making the artifacts emit vapors a long time after the initial coating. Such delayed exposures should be considered when storing CDD-coated artifacts in poorly ventilated area. Moreover, contaminated materials (tools, clothing, and protective filter) may also be sources of delayed exposures. 
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